Abstract. River -groundwater interaction is one of the most common types of surface water and groundwater exchanges that occur in alluvial aquifers. These interactions are variable with space and time and received great attentions in recent years. In this research, the natural tracers such as 222 Rn, natural heat and common water quality characteristics were applied to evaluation of the river-groundwater interactions. The study area is Chamgolak area that is located in the northeast of the Andimeshk city in the south west of Iran. The Dez River is the major surface water body that interacts with groundwater in this area. The temporal and spatial variation of water exchanges between the river and groundwater were evaluated in this research. For this purpose, some common water quality parameters such 222 Rn, temperature, electrical conductivity (EC) and nitrate were measured in 2012-2013 water year. The temporal variation patterns of common water quality parameters shows that the river recharge water influences the groundwater quality, so that the amounts of electrical conductivity (EC), temperature and nitrate show a notable decrease in river adjacent wells especially in wet period. "The spatial pattern of nitrate concentration shows that the topographic conditions of the Dez River channel also influence the rate of river -groundwater interactions, so that the maximum water exchanges between river and groundwater occur in the convex part of the Dez River meander near the Chamgolak town. This study show that the Dez River has a losing nature and recharges the groundwater but with rates that is vary temporally and spatially.
INTRODUCTION
Alluvial plains undergo many hydrological and geomorphological processes during their evolution, thus the interaction between surface water and groundwater usually occurs in these alluvial aquifers (Prasad, 1990) . One of these interactions occurs between river and groundwater. River -aquifer interaction happens at multiple scales both in time and space (Toth, 1970; Schaller and Fan, 2009 ). These interactions are principally controlled by the topography and hydrogeology of the field conditions (Woessner, 2000) . Rivers can either gain water from or lose water to aquifers, the direction and rate of flow depending on the difference between the river stage elevation and the groundwater heads and the hydraulic connection between these two water resources. These water exchanges that are complex spatially and temporally received great attention recently (Fleckenstein et al., 2006; Andersen, 2009) . Many factors such as river discharge regime, streambed permeability, thickness and geomorphology, aquifer pumping rate and hydraulic conductivity beneath the river can control the rate of the water exchanges between river and groundwater. Groundwater extraction from aquifers that are connected with river systems can alter river hydrology by reducing the base flow, or low flow, component of river flows. This may have adverse consequences for riverine ecosystem health, the viability of environmental flow releases and the security of water resources. Furthermore these interactions affect the river and groundwater quantity and quality. Thus, the study of mechanism of these interactions is necessary for a proper water resource management.
Reviews of the physical interactions that occur between groundwater and surface water systems have been provided by several researchers such Winter et al. (1998 ), Winter (1999 , Woessner (2000) and Sophocleous (2002) . Recent ecohydrological publications, dedicated to stream-aquifer interfaces, claim the recognition of the complexity of the multi-
Chitsazan et al. Evaluation of the Spatio-Temporal Variability in River and Groundwater Interactions, an Example from South West of Iran
scale processes taking place at the interface (Ellis et al, 2007 , Hancock et al, 2005 , Poole et al, 2008 , Stonedahl et al, 2012 . A number of published papers address the problem of reactive transport through the stream-aquifer interface. These papers imply models which represent the dynamics of pollutants at the local scale (for example Chen and MacQuarrie, 2004 , Doussan et al., 1997 and Gu et al., 2008 . Nevertheless, the mechanism of river-aquifer interactions are still poorly understood (Kalbus et al., 2006) . This is due to difficulty in direct monitoring and measurement of water fluxes between these two resources. Although, many methods such as seepage meters, mini piezometers, thermal sensors, natural and artificial tracer ( 18 O, 2 H, 222 Rn etc.) and hydraulic head measurement have been used for this purpose in recent years. Regrettably, neither of these methods alone could able to accurately determine the water exchanges. Thus, depending on local conditions and the scale of studies, often a series of methods are used to study the extent of these exchanges.
In this study the river and groundwater interactions were evaluated in a semi-arid rejoin of Iran. The objectives of this study were to delineate the interaction between the Dez River and groundwater in the Chamgolak area with use of natural and simple tracers such natural heat, 222 Rn and common water quality parameters.
MATERIALS AND METHODS

Study area
The Chamgolak area is located in the northeast of Andimeshk city in the Khuzestan Province, Iran (Figure 1) . The Dez River, one of the most important rivers in Iran, flows from the north to the south of this region. The mean discharge of Dez River is about 249 m 3 /s. The Bakhtiyari Conglomerate formations and quaternary alluvial sediments are major geologic units in the study area. The Bakhtiyari Conglomerate formation consists of conglomerate and lenses of sandstone and greenstone. This formation is the most effective formation on the aquifer situation and its recharge. Coarse sediments with high specific yield (with average value of 14%) and high hydraulic conductivity which were eroded from the Bakhtiyari formation formed a rich aquifer in the study area. Alluvial sediments in the study area are dominantly composed of gravel and sand and rarely of silt and clay. These sediments have high permeability and play a substantial role in groundwater occurrence and recharge.
The aquifer in the study area is an unconfined aquifer. Coarse sediments such gravel and sand mainly form the aquifer (Figure 2 ). Interbeds and lenses of clay and silt also exist in aquifer forming materials. The aquifer average thickness in the study area ranges between 170 to 210 meters. The average depth to groundwater table is about 40 meters in the study area. There are two piezometers (An6 and Sa6) and four quality monitoring wells (M1 to M4) in the study area. More than 53 abstraction wells are in the study area and the dominant land use is for agricultural lands.
Map 1: Study Area
Tacking samples
To study the river-groundwater interaction, a series of hydraulic head measurement using minipiezometers in river have been used. The concentration of radon 222 gas ( 222 Rn) also was measured in river and groundwater in the study area. Also 15 sampling stations were selected for the qualitative monitoring of river and groundwater. More than 100 water samples were collected from May 2012 to May 2013. 
Analytical methods
The EC, pH, Eh, dissolved oxygen (DO) and temperature were measured in the field using a Hack HQ40d portable EC meter. The collected samples were analyzed for chloride, sulphate and nitrate by ion chromatography method with a Metrohm 761 Compact IC set, bicarbonate and fluoride ions were determined using titrimetric method. The results of these analyses are presented in Table 1 . Radon 222 concentration in water samples were determined by a RAD7 radon detector.
RESULTS AND DISCUSSIONS
For a preliminary assessment of river-groundwater interaction in this research, hydraulic gradient were measured using a series of simple minipiezometers ( Figure 3 ) and the concentrations of radon 222 gas ( 222 Rn) were determined in river and groundwater samples. As shown in Figure 1 , four minipiezometers were installed in the study area in July 2012. The hydraulic gradient in the minipiezometers were calculated and are presented in Table 2 . As shown in this table, the hydraulic gradient in all minipiezometers were positive that shows the river water infiltration to the underlying groundwater body. The hydraulic gradient in minipiezometers no 2 and 3 is relatively smaller than the others that show the different rates of river water infiltration in to the groundwater. For the determination of recharge flux to the aquifers a series of seepage meters also were used. But due to very coarse nature of river bed sediments, the reasonable results were not obtained by these seepage meters. 222 Rn is one of the natural tracers that can be used for the assessment of surface water -groundwater interaction (Macheleidt et al., 2002) . Usually the 222 Rn concentration in groundwater is higher than the surface waters (Porcelli and Swarzenski, 2003) . As the radon gas ( 222 Rn) concentration in surface water and groundwater is different, thus it can be used as a suitable indictor for groundwater recharge by the surface water resources such rivers and streams.
222 Rn concentration in water samples were measured in January 2012. The 222 Rn concentrations vary from 0.242 to 0.276 Bq/l and 1.25 to 9.67 Bq/l in river and groundwater, respectively. As observed in the 222 Rn spatial distribution map (Figure 4a ), the river adjacent groundwater samples have lower radon concentration in relation to other groundwater samples. Furthermore, the radon gas concentration increases with increasing distance from the Dez River in the study area. On the other hand, the radon concentration in water samples has a good correlation with electrical conductivity (Figure 4b ). These observations show the infiltration of river water to the groundwater.
These preliminary studies revealed an effective interaction between the Dez River and groundwater. Thus, a temporal sampling program was designed for the better understanding of spatial and temporal variations of the river -groundwater interactions. For this purpose, 15 sampling stations were selected and temperature, Electrical Conductivity (EC) and nitrate concentration of water samples were chosen for assessing of the water exchanges between groundwater and Dez River are discussed through this paper. Many researchers also have used variations of temperature and EC for evaluation the exchanges (Anibas et al., 2008; Andersen, 2009; Hoehn and Scholtis, 2011 and Unland et al., 2013) .
Temperature
In this study, the river and groundwater temperature were measured in different sampling periods. Figure 5 shows the variation pattern of water temperature in the study area during the sampling period (May 2012 to May 2013). In May 2012, the water temperature increases with increasing distance from the river (Figure 5a ) and the lowest groundwater temperature is observed at river adjacent samples. This situation shows the groundwater recharge by the Dez River. This trend also is observed in July but not as clear as the May. In September and November, The water temperature does not show a clear pattern and even in some cases the water temperature increases toward the river (Fig 5c and 5d ). In the sampling period (September through November), the river level and its discharge are in the lowest conditions. In this condition still the Dez River recharges the groundwater but with lower impact (Figure 5c ). Due to increase of the river discharge in January and March 2013, the decreasing trend of groundwater temperature toward the river is observed again (Figure  5e and 5f). This trend also observed in May 2013 (Figure 5g ). The temperature patterns in this time period (January to May) show a considerable water exchanges between the Dez River and groundwater in the study area. The different patterns of water temperatures during this study show that there is some temporal variation in the river -groundwater interactions in the study area. 
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Electrical Conductivity
The spatial distribution of EC in the study area ( Figure 6 ) shows different patterns during the sampling periods. The electrical conductivity of water samples increases from the river toward the aquifer in May and July 2012 (Figure 6a and 6b) . This trend shows the infiltration of the river water to groundwater in these time periods. Due to reduction of the river discharge in September and November, There is no observed a clear trend in EC patterns in this month. But, the EC of water samples increases toward the river in November 2012 that is result of the decrease of river recharge to the groundwater ( Figure  6d ). Similar to the temperature pattern, in this condition still the Dez River recharges the groundwater but with lower impact. The pattern of EC variations from January to May 2013 (Figure 6e to 6g) again returns to the previous condition that is result of increase of river discharge and hence the increase of the river recharge to the groundwater. During this time period, a considerable volume of water has been recharged to groundwater by the river and enhanced the groundwater quality. The lowest electrical conductivity is also observed in this time period especially in January 2013 ( Figure  6e ).
Nitrate
Nitrate is the most common groundwater contaminant especially in agricultural areas (Nolan et al., 2002; Almasri and Kaluarachchi, 2007) . Agricultural activates are the dominant landuse in the study area. Thus, nitrate is a good index of water contamination. The nitrate concentration in water resources of the study area has been influenced by two main factors: the irrigation period of agricultural lands (Irrigation return flows) and the amount of river recharge to aquifer. Simultaneous performance of these two factors determines the concentration of nitrate in groundwater of the study area. The Dez River water moves to the underlying groundwater body in the study area. As the river has a good quality (Table 1) , thus its recharging water enhanced the groundwater quality. The irrigation period in the study area is from October to July. In this time period, many agricultural fertilizers are used for crops such as wheat, corn and cucurbits and the higher concentrations of nitrate in groundwater are observed. Figure 7 shows the spatial distribution maps of nitrate concentration in the study area during the sampling periods. As the maps show (Figure 7a to  7g) , the lowest concentration of nitrate is observed in adjacent to the river especially in the Chamgolak town. In this area, the groundwater nitrate concentration varies between 6 to 10 mg/l in different sampling periods. These situations show the role of river recharge in enhancing the groundwater quality of the study area. The temporal variation of the average nitrate concentrations in river and groundwater is presented in Figure 7h . As shown in this diagram (Figure 7h) , the nitrate variation trends in river and groundwater are similar that confirms the rivergroundwater interconnection in the study area.
The spatial pattern of nitrate concentration in different sampling periods in the study area shows the development of a recharge plume with low nitrate concentration especially in the Chamgolak town. The Chamgolak town is located near the convex part of the Dez river meander. In this convex part, the river has an erosional nature and excavates its bottom. Thus the thickness of fine sediments (Clogging materials) is smaller in relation to other points in the river course and the infiltration of water occurs more readily. Dade and Friend (1998) were demonstrated that the streambed grain size and streambed slope in alluvial streams have a good correlation with each other. Due to the sharp slope of riverbeds near the Chamgolak area, the grain size of riverbed materials also is larger in compare to other points of the river channel. Thus, the water exchanges between river and groundwater occurs more readily in this location (Paricio et al., 2010) . These topographic conditions make a suitable zone for river -groundwater exchanges near the Chamgolak town. However, this finding requires more detailed studies.
Recharge and discharge estimation
The rate and pattern of groundwater recharge and discharge is a result of relationships between precipitation inputs, groundwater-surface water interactions and groundwater fluxes (Lin et al., 2009) . For a quantitative assessment of groundwater recharge and discharge in the study area, a GIS based groundwater recharge and discharge estimator (GRADE-GIS) was used. GRADE-GIS is a GIS interface for the evaluation of groundwater recharge and discharge using the mass balance concept which is presented by Stoertz and Bradbury (1989) . These researchers modified the Modflow 88 code to prepare a two dimensional steady state groundwater recharge and discharge map. Lin et al. (2009) combined this mass balance concept and image processing methods in a user friendly GIS interface (GRADE-GIS). In this interface, the groundwater recharge and discharge distribution map is prepared using three common hydrogeological data: the water The groundwater recharge and discharge map (Figure 8 ) was prepared using GRADE-GIS interface in Arc GIS 9.3 software. The positive and negative values in the Figure 8 show the recharge and discharge rates respectively. As shown in Figure 8 , the net water fluxes in the locations adjacent to the river are positive that indicate a groundwater recharge zone. This zone shows the losing nature of the Dez River in the study area. According to the map, the maximum groundwater recharge (more than 0.0035 m/day) is observed in the regions that are located near the convex part of the Dez River meander that confirms the pervious results. 
CONCLUSION
In this study the interaction between the Dez River and groundwater in the Chamgolak area was examined using natural tracers such as 222 Rn, natural heat and common water quality data. The results show that there is an effective interaction between the Dez River and groundwater in the study area. The Dez River has a losing nature and recharges the groundwater but their water exchanges are variable depending on the river discharge conditions and river channel topography. From temporal view point of variations, the greatest water exchanges between the river and groundwater occurs in wet season (river high flow periods) especially during January to May time period. In the dry period (From July to November), the interaction between the river and groundwater is decreased due to the decrease of the river discharge. From spatial view point of variations, the maximum water exchanges occur in the convex part of the Dez River meander near the chamgolak town. The topographic conditions of the Dez River channel in this location make a suitable zone for rivergroundwater interactions. The distribution patterns of common water quality parameters (Temperature, EC and especially nitrate) confirm the mentioned hypothesis. The spatial distribution of groundwater recharges and discharge rates in the study area also shows the high groundwater recharge (More than 0.003 m/day) near the chamgolak area that confirms the previous results. The results of this study show that the spatial and temporal evaluation of the water exchanges between river and groundwater can be achieved by common physical and chemical parameters. 
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